INTRODUCTION
A high mortality from pneumonia persists in spite of antimicrobial therapy (1) . Pneumonia may pose an excessive load upon the cardiovascular system since cardiovascular collapse has been noted to be the single most frequent cause of death in pneumonia (2) . Although much has been written about the cardiovascular system in pneumonia, few hemodynamic observations Received for publication 10 June 1969 and in revised form 15 December 1969. have been reported. Both hyperdynamic and hypodynamic responses have been observed (3) (4) (5) , the latter often in patients dying of pneumonia (5) . In the present series no patient was in clinical shock and each recovered. Two-thirds of the patients had the expected, "appropriate" response to pneumonia, i.e. an increased cardiac output associated with increased oxygen consumption, and often fever and hypoxia. The remaining one-third of the patients studied had a paradoxical, "inappropriate" hemodynamic response of a relatively low cardiac output resulting in an abnormally wide arteriovenous oxygen difference. The purpose of this communication is to describe and analyze this inappropriate hemodynamic response and to consider possible pathogenetic mechanisms. The accompanying paper clinically tests one of the plausible pathogenetic hypotheses (6) .
METHODS
Ali attempt was made to investigate all patients with pneumonia on the Second and Fourth Medical Services of the Boston City Hospital between 1962 and 1967. Patients were considered to be in the acute stage of pneumonia if they were febrile and if the studies were performed within 24 hr of admission to the hospital. In some cases, when the pneumonia developed in the hospital, the investigations were performed close to the onset of illness, usually within 24 hr of onset. Antimicrobial therapy, penicillin, was administered in most cases before these studies. Many patients with acute pneumonia were not investigated; lack of notification and refusal of the proposed investigation on the part of the patient or. the physician were the primary reasons for exclusion. Informed consent was obtained from all patients studied. An attempt was made to reinvestigate each patient in the convalescent phase of the disease. Patients were considered to be convalescent when they had defervesced. Restudy usually took place on the same admission, but occasionally weeks to months afterwards. Of a total of 37 patients investigated in the acute phase, six patients with heart disease as well as 14 who refused restudy are not included.
Patients were in the fasting state and in the supine position. Systemic arterial blood pressure and blood sam- Cardiac output was measured by the indicator dilution method using the integrated sample technique for calibration (7) . Approximately 3 mg of Indocyanine green dye, stabilized with human albumin, were injected from a calibrated pipette into the superior vena cava or the right atrium and followed by a 10 ml saline flush. Dye dilution curves were recorded oscillographically (Sanborn 150) from the output of a densitometer (8) through which blood was drawn from the brachial artery by a constant withdrawal pump at the rate of 35 ml/min (Harvard Apparatus Co., Inc., Dover, Mass.). The injection pipette was calibrated each study day, human albumin being used to stabilize the standard solution. In two cases (Nos. 6 Hematocrits were measured in duplicate using Wintrobe hematocrit tubes. Central blood volume was measured according to the method of Stewart (9) and Hamilton, Walker, Kinsman, and Spurling (10). Total blood volume was determined by injecting approximately 5 mg Evans blue dye intravenously and analyzing spectrophotometrically (Beckman D.U.) a sample of arterial blood obtained 10 min later.
The response to supine exercise was studied in five patients. Exercise was performed upon a bicycle at a work load of 25 w for a period of 10 min. Cardiac output was measured between the 7th and 10th min of exercise.
In each patient at each investigation, at least two and often three measurements of cardiac output, oxygen consumption, as well as near-simultaneous measurements of pressure were made. The average of these determinations and of the derived data from each of these determinations are the values presented.
Arteriovenous oxygen difference (A-V 02 difference) was calculated as follows: A -V 02 difference (ml/1000 ml) 02 consumption (ml/min STPD) cardiac output (liters/min) Total peripheral resistance (TPR): TPR (dyne-sec-cm-5) mean arterial pressure (mm Hg) X 1.332 X 60 cardiac output (liters/min)
The t tests were calculated from the formulae described by Snedecor (11) . Analyses of the hemodynamic data in terms of 10 yr age groups and etiologic type of pneumonia revealed no significant differences between age groups or between types of pneumonia. Therefore, analyses by these subdivisions are not presented.
RESULTS
The clinical data of all the 17 patients studied are listed in Table I Hemodynamic changes between the acute and convalescent stages were analyzed for each of the three groups and also for the entire series (Table II) . The patients with normal A-V O. differences (groups I and II) during acute pneumonia had both qualitative and quantitative hemodynamic differences from those with wide A-V 02 differences (group III). Patients in groups I and II exhibited the anticipated response to fever during the acute phase of pneumonia (12); oxygen consumption and cardiac output were increased. In convalescence both were proportionately lower and hence there was little change in the A-V 02 difference between the acute and convalescent phases. In group III patients oxygen consumption was also high in the acute phase. However, in marked contrast to the other two groups, the acute stage was characterized by a low cardiac output associated with a wide A-V 02 difference. In group III there was a decrease in oxygen consumption and an increase in cardiac output during convalescence. Hence, A-V 02 difference decreased.
In groups I and II, total peripheral resistance was low during the acute phase, whereas in group III it was elevated. In all three groups during the acute phase, the expected increases were noted with regard to temperature, minute ventilation, and heart rate, although the latter changes were not statistically significant. Arterial pressure tended to be decreased in all three groups during the acute phase. No changes were evident between the acute and convalescent phases in total blood volume. There was no difference in mean right atrial pressure between the acute and convalescent stages in any of the three groups; it was normal throughout. Oxygen saturation was moderately decreased in the acute phase in all three groups.
All group III patients had a higher hematocrit during the acute phase than in the convalescent (Fig. 1) . In groups I and II, no consistent statistically significant change in hematocrit was noted (Table II) . Furthermore, the central blood volume during the acute phase correlated inversely with increased A-V 02 difference (r = 0.651, P <0.05).
In all five patients (Nos. 2, 3, 8, 11, and 15) studied during exercise in the acute phase, cardiac output increased (Fig. 2) . At rest, mean cardiac output was 7.54 liters/min, while during exercise it was 9.85 liters/min. Venous pressure was increased in two and decreased in two; it was not measured in the fifth patient. A-V 02 difference increased in all five patients, and the increase was most marked in those with an initially wide AV 02 difference. DISCUSSION A normal or narrowed A-V 02 difference in the absence of an anatomic or physiologic shunt is an indication of adequate tissue perfusion and hence of a physiologically adequate circulation. Under pathologic demands such as fever, the physiologic circulatory response is an increase in cardiac output in proportion to or in excess of oxygen consumption. Thus, A-V O. difference tends to remain normal or narrow (12) . The expected hemodynamic response to fever was found in 11 of 17 patients; the A-V O. difference during the acute stage of pneumonia was normal or narrow. However, six patients responded hemodynamically to pneumonia in an inadequate fashion; their A-V 02 difference widened. The resulting abnormally increased oxygen extraction suggests inadequate tissue perfusion.
The six patients with widened A-V 02 differences (group III) had significantly lower oxygen consumptions in convalescence and also significantly and disproportionately higher cardiac outputs. Thus, in con- difference. Total peripheral resistance was quite high in these patients during the acute phase, and it decreased significantly in convalescence. The hematocrit was also significantly higher in the acute phase, and the central blood volume was decreased. In contrast, the hemodynamic changes in groups I and II were largely opposite in direction to those found in group III. Thus, the patients with widened A-V 02 difference reacted hemodynamically to pneumonia in an aberrant fashion, compared with both themselves and also with the patients in the other groups.
What are the pathophysiologic mechanisms involved in this hypodynamic circulatory response? Such a response is consistent with depressed myocardial function and/or decreased circulatory volume. Patients with clinically apparent heart disease were excluded from the present series. The lack of clinical heart disease was supported by normal venous pressures in the entire series. During exercise, it remained low in three patients, and was slightly elevated in the fourth (9 mm Hg at rest and 12 mm Hg during exercise). However, the A-V O2 difference remained essentially unchanged in the latter patient during exercise. Furthermore, all group III patients had normal hemodynamics in convalescence. There is thus no evidence that any of the changes noted in the present series were due to underlying heart disease.
Ethanol may diminish myocardial function (13) . Furthermore, an excessive mortality has been noted in patients with pneumonia when alcoholism was present (14) . In the present series, four of the six patients with widened A-V 02 difference suffered from chronic alcoholism. 
